Introduction
In the USA, ~1 in 10 infants are delivered prematurely. 1 Preterm delivery before the 37th week of gestation is a leading cause of infant morbidity and mortality, and it is associated with high medical costs, with costs especially high in the first year following birth. 2 The premature birth rate is high in the USA compared to other developed countries, 3 and although the premature birth rate had experienced several years of decline, more recent data indicate that it may once again be on the rise. 4 Preterm labor (PTL) is defined by the American College of Obstetricians and Gynecologists (ACOG) as regular contractions starting prior to 37 weeks of pregnancy that result in changes in the cervix. 5 Diagnosis of PTL based on reported patient symptoms has shown to have relatively poor predictive value for risk of preterm delivery. 6 Health submit your manuscript | www.dovepress.com
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Blackwell et al care professionals consider a number of clinical factors when making a diagnosis of PTL, including history of prior preterm delivery, transvaginal cervical length, presence of prenatal complications and other factors. 7, 8 Testing for presence or leakage of fetal fibronectin (fFN) during the 24th-34th weeks of pregnancy in symptomatic women may provide information that allows clinicians to rule out patients at a low risk for delivery within the following 14 days. 9, 10 Results from an fFN evaluation may allow clinicians to better identify patients at risk and guide patient management. A recent systematic review revealed that the standard clinical practice of diagnosing PTL by documenting uterine contractions and cervical change has poor positive predictive value. The authors further concluded that a newer approach of considering both fFN and cervical length screening results could lead to more accurate assessment of the risk for preterm delivery. 11 Accurate assessment of the risk of preterm delivery among women with symptomatic PTL is critical to informing appropriate care management. Specifically, interventions such as targeted antenatal corticosteroids are beneficial for improving pregnancy outcomes for women who are at high risk for imminent preterm delivery, but may be unnecessary or potentially harmful for those who are at low risk for preterm delivery. The ACOG recommends a single course of corticosteroids for pregnant women between 24 and 34 weeks of gestation who are at risk of preterm delivery within 7 days; 12,13 however, concerns have been raised regarding the long-term consequences of repeated interventions on neurodevelopment and metabolism. [14] [15] [16] In addition, ruling out patients who are at low risk for delivery within 7 days can help avoid unnecessary interventions and improve efficiency of care. Studies have demonstrated that approximately half of women who are initially hospitalized with symptoms of PTL do not deliver during that admission. 17, 18 The objective of this study was to evaluate patterns of health care utilization, including the use of fFN testing, and pregnancy outcomes among a USA cohort of pregnant women who present at, and are triaged through, an emergency department (ED) and/or labor and delivery (ELD) setting with a diagnosis of symptomatic PTL.
Methods
We performed a retrospective cohort study using the Inovalon Medical Outcomes Research for Effectiveness and Economics Registry (MORE 2 Registry). The MORE 2 Registry is a proprietary database that contains claims data for >137 million unique and de-identified health plan members enrolled in commercial plans (employer-sponsored or Marketplace), managed Medicaid or Medicare Advantage plans. The registry represents ~40% of the managed Medicaid and 25% of the Medicare Advantage population in the USA during a given year. Previous studies have used the MORE 2 Registry to assess patterns of care, comparative effectiveness of treatments and quality of care across various therapeutic areas. [19] [20] [21] [22] Current procedural terminology (CPT ® ) and diagnosis-related group (DRG) codes were used to identify eligible women for the study. This study is an analysis of existing de-identified data. Approval from an institutional review board is not required.
Inclusion/exclusion criteria
Pregnant women who presented at the ELD with a diagnosis of PTL from June 1, 2012 to November 30, 2015 were included in the analysis. ICD-9-CM diagnosis and DRG codes (Table S1 ) were used to identify PTL patients. Women with no record of infant delivery during the 9-month period following the PTL diagnosis and women with <20 weeks of insurance coverage prior to delivery ( Figure 1) were excluded from the analysis. Women with the following pregnancy complications in the 20 weeks prior to delivery were also excluded from the study: 1) spontaneous/premature rupture of membranes, 2) preeclampsia, 3) threatened abortion or 4) selected infections or pregnancy-related complications. ICD-9-CM diagnosis codes reported in the inpatient and outpatient medical claims files were used to identify patients with these conditions (Table S2 ). 
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Study outcomes
Study outcomes included 1) rates of hospital admission (e.g., to ELD unit) versus discharge (e.g., sent home) following the assessment of PTL; 2) timing of infant delivery following the ELD visit; and 3) length of stay (LOS) among patients admitted to the inpatient ward. We measured patients' receipt of fFN testing (CPT code: 82731) during the 20 weeks prior to infant delivery. In addition, we evaluated patients' baseline characteristics, including demographics (age, geographic region and type of insurance coverage) and rates of comorbid conditions (hypertension, diabetes, gestational diabetes and cervical incompetence [ Table S3 ]). We also examined health care resource utilization during the 20 weeks prior to delivery, including the frequency of outpatient physician office visits and the use of transvaginal ultrasound (TVUS) (CPT code: 76817).
Descriptive analyses were performed to describe the characteristics of the study cohort and key study outcomes.
Logistic regression analyses were used to assess predictors of fFN testing after adjusting for potential confounding baseline patient characteristics (e.g., age, comorbid conditions, insurance coverage and geographic region) and health care utilization (e.g., use of TVUS and number of physician visits during the 20-week period prior to infant delivery). In addition, a sensitivity analysis was performed to assess pregnancy outcomes among the proportion of patients who received 1) fFN testing only, 2) TVUS only, 3) both tests and 4) neither test during the 20-week predelivery period (including the initial ELD visit).
Results
A total of 23,062 patients met the study eligibility criteria and were included in the analysis (Figure 2 ). The mean age of the study cohort was 27.1 years ( Of the 23,062 patients in the study cohort, ~12% received an fFN test during the 20 weeks prior to delivery. 84.5% of women who received an fFN test were tested on or before presenting to the ELD. The rate of fFN testing was comparable across insurance types: 12.8% for commercially insured, 11.6% for managed Medicaid insured, 13.7% for those experiencing both types of insurance (indicating patients changed insurance coverage during prenatal period) and 11.1% for those with other insurance types ( Figure 3 ).
Approximately 24.1% of patients triaged through the ELD were admitted to the hospital, of which 91.3% delivered during that stay (mean LOS 4.0 days [±4.9]) ( Figure 4 ). The remaining 75.9% of patients were discharged home, of which 20.1% delivered within the next 3 days. The proportion of women who had received fFN testing was higher for patients discharged home versus those admitted to a hospital (14.2% vs. 5.0%, p<0.0001). Of those who were discharged from the emergency room, one in five went on to deliver within 3 days and almost 96% of this group was not screened for the presence of fFN.
After adjusting for potential confounding variables, patients residing in the Northeast (odds ratio [OR]=0.44, 95% CI: 0.39-0.49) were less likely to receive fFN testing than their counterparts living in the South, while patients living in the West had higher odds for receiving the test (Table 2) .
Discussion
This study is one of the first to assess the use of fFN screening and pregnancy outcomes among women diagnosed with PTL using medical claims data. In this national sample of managed care Medicaid and privately insured women, those who presented to the ELD with a diagnosis of PTL had relatively low rates of screening for risk of preterm delivery using fFN testing (12%), regardless of the type of health insurance. Among patients who were discharged from the hospital, 14.2% had fFN testing compared to 5.0% of patients who were admitted to the hospital. Of women discharged home, one in five delivered prematurely within 3 days. Only 4.2% of these women had fFN evaluation, suggesting that there may FFN testing may be used in conjunction with TVUS, or in lieu of TVUS, to assess the risk of preterm delivery in patients with symptoms of PTL. The percentage of women who delivered within 3 days of the ELD encounter was lower for women who received fFN testing only (6.6%) versus those who had a history of TVUS only (21.6%), suggesting that the use of fFN testing may have added valuable information to inform patient care. Furthermore, the rate of delivery within 3 days was lowest among patients who had both fFN testing and TVUS (4.7%). The differences were statistically significant (p<0.0001).
In a sensitivity analysis, we measured the use of both TVUS and fFN tests among the subset of patients who were discharged home from the ELD ( Figure 5 ). Among those women discharged from ELD who delivered within 3 days, 3% received fFN testing only, 18% received TVUS only, 1% received both tests and 78% received neither test. The proportion of women who received fFN testing was higher among those who delivered after 3 days: 11% received fFN only, 16% received TVUS only, 6% received both fFN and TVUS, and 67% received neither test.
After controlling for observable baseline characteristics, women who incurred higher resource utilization prior to delivery (based on the number of all-cause physician visits and receipt of TVUS) were more likely to have received fFN testing. These patients may have presented other clinical risk factors for PTL, which were recorded in the medical claims data. Unlike disparities in access to prenatal services demonstrated in other studies, 23 ,24 the type of insurance (i.e., Medicaid vs. commercial) was not associated with the receipt of fFN testing in this analysis. However, the low overall rates of fFN testing among these insured beneficiaries should be evaluated further. Significant differences in rates of fFN testing were found by geographic region, with lower rates of fFN testing in the northeast to the southern region of the USA and higher rates in the West. The observed geographic Figure 5 Sensitivity analysis: fFN and TVUS testing and time to delivery among patients discharged from ELD (N=17,512). Note: Sensitivity analysis: fFN and TVUS testing among patients discharged from ELD who delivered within 3 days (N=17,512). Abbreviations: ELD, labor and delivery; fFN, fetal fibronectin; TVUS, transvaginal ultrasound. 
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Fetal fibronectin testing among women with symptoms of preterm labor variation in fFN utilization highlights the potential differences in the patient population with symptomatic PTL and clinical practice patterns between the geographic regions. Given these findings, as well as studies showing the impact of gaps in access to appropriate care for high-risk women, 25 additional research on the presence and implications of the geographic variation in the provision of prenatal care may be warranted. The cost-effectiveness of tests and techniques utilized in the evaluation of PTL was not an objective of this study, but continues to be a topic of discussion in the literature. This debate calls into focus the need for formal health economic evaluations of the total costs of care and maternal-newborn patient outcomes for large, real-world samples of women with PTL to identify practice patterns, techniques and geographic variations in care to better guide appropriate care management for pregnancies at risk for preterm delivery. As part of PTL evaluation, fFN testing may identify women at increased risk for preterm delivery and potentially decrease unnecessary interventions and hospital admissions for women and newborns identified at lower risk. This study had several limitations. First, this study was limited by the ability to evaluate fFN clinical test results. Medical claims data are captured for the purpose of provider and supplier reimbursement and not for research purposes, and, as such, contain minimal clinical information. This could lead to a potential over-or underestimation of clinical events of interest. The absence of detailed clinical information further limits the evaluation of factors related to severity and symptoms of PTL such as cervical length, number of contractions per hour or results of fFN testing. Information regarding perinatal and obstetric outcomes is also limited. The study cohort was identified based on diagnoses codes recorded in medical claims. Coding errors and insufficient documentation of diagnoses codes may occur and could lead to misclassifying ineligible patients as eligible or vice versa. However, both PTL and the exclusion conditions (i.e., spontaneous/premature rupture of membranes, preeclampsia) are significant health events for which coding errors are conceivably rare. Researchers may consider conducting prospective cohort studies or analyzing electronic medical records to collect data on fFN results, which would strengthen the ability to gauge the current clinical practice for managing patients with symptomatic PTL under the guidance of fFN results. Despite these limitations, a strength of this study is that the results reflect actual patterns of care and pregnancy outcomes among PTL patients in a real-world setting. We found that utilization of fFN testing was lower among women who delivered within 3 days (or during hospital stay) than those who delivered later. We speculate that this observed correlation is attributable to the fact that clinicians are less likely to order fFN testing when patients' symptoms are clearly indicative of imminent preterm delivery (e.g., cervix 4 cm dilated or more). Second, the objective of the study was to assess the use of fFN testing among women in emergent situations, and we did not evaluate the incidence of PTL in the outpatient (physician office) setting prior to the ELD visit or utilization of antenatal steroids, which is currently recommended for women between 24 and 34 weeks of gestation who are at risk of preterm delivery. 26 In addition, visibility into fFN testing was limited to the outpatient and ELD settings; we were unable to assess the use of fFN testing during an inpatient stay. As such, the rate of fFN testing among the inpatient cohort may be underestimated. Third, we examined the rates of TVUS to gauge the use of other methods of assessing the risk of preterm delivery among women diagnosed with PTL. Although we excluded the CPT codes associated with routine anatomy evaluations, the rates we observed in our analysis may also include anatomic ultrasounds scheduled as part of routine prenatal care, or miscoded, and not necessarily used to screen for PTL risk. Finally, the study cohort was restricted to insured women with symptomatic PTL who presented in the ELD. Hence, the study findings may not be generalizable to women without insurance or other settings of care. A strength of this evaluation, however, is that the majority of women in this evaluation had Medicaid insurance. Given that studies have shown that there is a disproportionately higher proportion of Medicaid women who have preterm births compared to women with commercial insurance, 23 additional research evaluating screening for preterm delivery, management and pregnancy outcomes among Medicaid patients diagnosed with PTL should be considered. Finally, the analysis is focused on the use of fFN testing. Patients who did not receive an fFN testing might have been assessed for risk of preterm delivery using other methods or diagnostic tests.
Despite these limitations, the findings from this study suggest that fFN testing may be a useful component of screening to identify patients at lower risk for imminent preterm birth and inform care management. Additional research is needed to determine how to use quantitative fFN testing tools currently under development as part of screening for risk of PTL allowing physicians the opportunity to better understand patient risk factors and tailor interventions to optimize preand perinatal care for the woman and her neonate.
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Fetal fibronectin testing among women with symptoms of preterm labor Threatened premature labor delivered, with or without mention of antepartum condition 644.03
Supplementary materials
Threatened premature labor, antepartum condition or complication 644.1
Other threatened labor 644. 10 Other threatened labor, unspecified as to episode of care or N/A 644. 13 Other threatened labor, antepartum condition or complication MS-DRG* 780
False labor APR-DRG* 565-1 to 565-4
False labor ICD-9-CM diagnosis Actual PTL 644. 2 Early onset of delivery 644. 20 Early onset of delivery, unspecified as to episode of care or N/A 644. 21 Early onset of delivery, delivered, with or w/o mention of antepartum condition Tuberculosis of mother, complicating pregnancy, childbirth or the puerperium, unspecified as to episode of care or not applicable 647.31
Tuberculosis of mother, complicating pregnancy, childbirth or the puerperium, delivered, with or without mention of antepartum condition 647.32
Tuberculosis of mother, complicating pregnancy, childbirth or the puerperium, delivered, with mention of postpartum complication 647.33
Tuberculosis of mother, complicating pregnancy, childbirth or the puerperium, antepartum condition or complication 647.34
Tuberculosis of mother, complicating pregnancy, childbirth or the puerperium, postpartum condition or complication 647.40
Malaria in the mother, unspecified as to episode of care or not applicable 647.41
Malaria in the mother, delivered, with or without mention of antepartum condition 647.43
Malaria in the mother, antepartum condition or complication 647.50
Rubella in the mother, unspecified as to episode of care or not applicable 647.51
Rubella in the mother, delivered, with or without mention of antepartum condition 647.53
Rubella in the mother, antepartum condition or complication 647.60
Other viral diseases in the mother, unspecified as to episode of care or not applicable 647. 61 Other viral diseases in the mother, delivered, with or without mention of antepartum condition (Continued) 
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ICD-9-CM diagnosis
Code description
647.63
Other viral diseases in the mother, antepartum condition or complication 647.80
Other specified infectious and parasitic diseases of mother, unspecified as to episode of care or not applicable 647.81
Other specified infectious and parasitic diseases of mother, delivered, with or without mention of antepartum condition 647.83
Other specified infectious and parasitic diseases of mother, antepartum condition or complication 647.90
Unspecified infection or infestation of mother, unspecified as to episode of care or not applicable 647.91
Unspecified infection or infestation of mother, delivered, with or without mention of antepartum condition 647.93
Unspecified infection or infestation of mother, antepartum condition or complication 655.30
Suspected damage to fetus from viral disease in the mother, affecting management of mother, unspecified as to episode of care or not applicable 655.31
Suspected damage to fetus from viral disease in the mother, affecting management of mother, delivered, with or without mention of antepartum condition 655.33
Suspected damage to fetus from viral disease in the mother, affecting management of mother, antepartum condition or complication 655.40
Suspected damage to fetus from other disease in the mother, affecting management of mother, unspecified as to episode of care or not applicable Other complications 655.41
Suspected damage to fetus from other disease in the mother, affecting management of mother, delivered, with or without mention of antepartum condition 655.43
Suspected damage to fetus from other disease in the mother, affecting management of mother, antepartum condition or complication 655.80
Other known or suspected fetal abnormality, not elsewhere classified, affecting management of mother, unspecified as to episode of care or not applicable 655.81
Other known or suspected fetal abnormality, not elsewhere classified, affecting management of mother, delivered, with or without mention of antepartum condition 655.83
Other known or suspected fetal abnormality, not elsewhere classified, affecting management of mother, antepartum condition or complication 646.80
Other specified complications of pregnancy, unspecified as to episode of care or not applicable 646.81
Other specified complications of pregnancy, delivered, with or without mention of antepartum condition 646.83
Other specified complications of pregnancy, antepartum condition or complication 646.90
Unspecified complication of pregnancy, unspecified as to episode of care or not applicable 646. 91 Unspecified complication of pregnancy, delivered, with or without mention of antepartum condition 646. 93 Unspecified complication of pregnancy, antepartum condition or complication 752. 35 Uterine septum 740-759
Congenital anomalies 764. 9 Intrauterine growth retardation Abbreviations: DRG, diagnosis-related group; PTL, preterm labor. 
